Abstract. Molecular-targeted therapy is one of the most promising therapies for patients with advanced-stage colorectal cancer (CRC). However, a wide range of proteins have unknown expression levels in CRC. The purpose of the present study was to determine the expression levels of various proteins related to colorectal carcinogenesis and cancer development. We examined the expression levels of 507 target proteins using a biotin label-based antibody array in 6 human CRC tissues. We also analyzed the clinicopathological features of CRC patients. In CRC tissues, IL-1α, GRO, Glut5, MIG, ICAM-5, VE-cadherin, uPA and Leptin R were increased when compared to levels in normal colon tissues. MPIF-1/CCL23, FGF R5, MIP2, SAA and IL-18 Rβ were strongly upregulated in rectal cancer when compared to the levels in non-rectal cancer. These data suggest that differential protein expression profiles exist under different conditions, including carcinogenesis and CRC localization. Therefore, an exhaustive analysis of protein expression levels using a biotin label-based antibody protein array is a potentially useful tool for identifying novel individual therapies for CRC patients.
Introduction
Colorectal cancer (CRC) is the fourth leading cause of cancerrelated death in the world (1) . Epidemiologically, a Western diet, alcohol, smoking and obesity are related to an increased risk of CRC and mortality (2, 3) . Although screening and prevention efforts have been promoted, a small fraction of CRC cases are still discovered as unresectable tumors due to metastasis to critical organs (4) . Radiation therapy (5) and chemotherapy (6) have major limitations to the treatment of CRC patients. Therefore, a novel therapeutic approach is required for CRC.
Antibody arrays represent a promising technology for quantitative and exhaustive protein profiling (7) . Sandwichbased arrays are frequently used due to their high sensitivity, specificity and cost effectiveness. However, a pair of antibodies could cross-react and hamper the appropriate reaction with proteins in the array. Current antibody protein arrays also have limited abilities to provide a broad, panoramic view of protein expression levels. Recently, a new antibody array with a relatively simple process, in which human samples are biotinylated and dialyzed in preparation for incubation, has become available using the largest available antibody array. The expression levels of 507 human target proteins, including angiogenic factors, cytokines and chemokines, can be analyzed simultaneously. A broad, panoramic view of cytokine expression can be obtained using this new technology.
Previously, we reported activated receptor tyrosine kinase (RTK) arrays in CRC (8) . The downregulation of angiogenic factors such as vascular endothelial growth factor (VEGF) and matrix metalloproteinases inhibits invasiveness and tumor development in colon cancer (9) . Since multistage carcinogenesis is observed during colon cancer development, it is suggested that colon cancer can be affected through multiple pathways. In the present study, we examined 507 human target proteins simultaneously using a new biotin label-based human antibody array in CRC samples.
Materials and methods
Patients. Tissue samples of CRC and normal colon tissues were obtained from 6 patients during surgery (2 males and 4 females; mean age, 71±11 years; range, 56-92 years). The clinicopathological data for the CRC patients are documented in Table I . Of these 6 patients, 1 had cancer localized to the ascending colon, 2 had cancer localized to the transverse colon, 1 had cancer localized to the sigmoid colon and 2 had Sample preparation. CRC tissue samples were prepared using methods previously described (10, 11) .
Materials for the protein array.
The RayBio™ Biotin Labelbased Human Antibody Array I (catalog no. AAH-BLM-1-2) was purchased from RayBiotech, Inc. (Norcross, GA, USA). This antibody array is a dot-blot based assay that enables the detection and comparison of 507 different human antibodies, including cytokines, chemokines, growth factors, angiogenic factors, proteases and soluble receptors.
Biotin label-based antibody array. This array was used according to the manufacturer's protocol. Homogenized tissues were dialyzed using a dialyzer. Biotin was added to the proteins that were derived from the colon tissues. Antibody array membranes were blocked for 1 h and incubated with 8 ml of lysate from colon tissues at room temperature for 2 h. After a washing step, the array membranes were incubated with HRP-conjugated streptavidin at room temperature for 2 h. Unbound HRP-conjugated streptavidin was washed, and each array membrane was exposed to X-ray film using a chemiluminescence detection system (Amersham Life Sciences, Tokyo, Japan). A densitometric analysis was performed using ImageQuant TL (GE Healthcare Bioscience, Tokyo, Japan).
Data analysis. The array data of CRC and normal colon tissues were normalized using a positive control signal. The average local background signal was subtracted from the average signal intensity of duplicated spots for each antibody. A cluster analysis was performed to evaluate the associations among members of the groups or clusters.
Statistical analysis. All analyses were conducted using the computer-assisted program JMP 8.0 (SAS Institute). A P-value of 0.05 represents a significant difference between groups.
Results

Enhanced expression of target proteins on biotin label-based antibody arrays.
A total of 507 human proteins in CRC tissues were analyzed simultaneously on a single array. Representative antibody arrays between normal colon and CRC tissues are shown in Fig. 1A and B. IL-1α, GRO, Glut5, MIG, ICAM5, VE-cadherin, uPA and Leptin R were upregulated in CRC tissues when compared to these levels in normal colon tissues (Fig. 1A and B) . A densitometric analysis was performed for each spot on the antibody array.
Unsupervised hierarchical clustering analysis using
Pearson's correlation. To understand the results of the antibody protein array, unsupervised hierarchical clustering analysis was performed (Fig. 1C) . IL-1α, GRO, Glut5, MIG, ICAM5, VE-cadherin, uPA and Leptin R were statistically significantly upregulated in CRC when compared to these levels in normal colon tissues (P<0.05) (Table II) . No statistically significant protein downregulation was detected among the 507 human proteins on the array in CRC samples when compared to the normal colon tissues. Table II , although no statistically significant protein upregulation was detected with respect to gender, age, histological grade or TNM stage, 23 target proteins were significantly upregulated in rectal cancer among CRC as compared to non-rectal cancer which consists of ascending, transverse and sigmoid colon (P<0.01) (Table III) . Among these 23 target proteins, MPIF-1/CCL23, FGF R5 and MIP 2 were strongly upregulated in rectal cancer (Table IV) .
Significant upregulation of 23 target proteins in rectal cancer compared to non-rectal cancer. As shown in
Discussion
Various antibody protein arrays have been developed in the last decade. In most antibody array methods, two detection antibodies can recognize different epitopes of the same target protein and target antigens are visualized. However, an antibody cross-reaction can hamper accurate protein detection on the membrane of a protein array. To avoid this complication, surface plasmon resonance (SPR), which provides a label-free, single-antibody approach (12) , has been developed. However, this approach also has additional complications, such as low detection sensitivity and a long waiting time to improve the instrumentation for high density detection. Therefore, in the present study, a biotin label-based human antibody array was used to perform the exhaustive analysis of protein expression. This technology enabled the detection of 507 proteins simultaneously, and a broad, panoramic view of target protein expression could be analyzed for each sample. Huang et al (13) reported that a biotin label-based antibody array could be used to profile the expression levels of many proteins simultaneously in ovarian cancer. These include cytokines, chemokines, adipokines, growth factors, angiogenic factors, proteases, soluble receptors and soluble adhesion molecules. Their finding supports the use of a biotin label-based antibody array targeted for 507 proteins in the present study.
In the present study, IL-1α, GRO, Glut, MIG and uPA were upregulated in colon cancer. These proteins have previously been reported as an angiogenic factor (14) , anti-apoptotic factor, prognostic marker (15, 16) , chemokine (17, 18) or in colon cancer. The present study data also demonstrated that ICAM5, VE-cadherin and Leptin R were upregulated in colon cancer (Table II) . ICAM5 and VE-cadherin are cell adhesion molecules that are related to the development of breast cancer, prostate cancer and head and neck carcinoma (19) (20) (21) . This finding suggests that these proteins could also be targetable molecules for colon cancer.
The array results also demonstrated that 23 target proteins were enhanced in rectal cancer (Table III) . However, none of these proteins was a match to the target proteins that were presented in Table II . Recently, the Cancer Genome Atlas Network reported that hypermethylation was more common in the right colon than in the rectum (22) . These findings strongly support our data that protein expression patterns differ between rectal cancer and non-rectal cancer.
In conclusion, our findings demonstrated that IL-1α, GRO, Glut5, MIG, ICAM-5, VE-cadherin, uPA and Leptin R were upregulated in colon cancer when compared to levels in normal colon tissues using a biotin label-based antibody array. These results could aid in the simultaneous analysis of various types of upregulated proteins and promising target proteins for molecular-targeted therapies. The simplicity and ease of using the biotin label-based antibody array suggests that this new array method may be a powerful tool for detecting expression levels of a wide range of proteins from each pathway that contributes to colon carcinogenesis and for identifying new therapies for CRC. 
